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Abstract
Resolvins, belonging to the group of specialized proresolving mediators (SPMs), are metabolic products of omega-3 polyunsat-
urated fatty acids (ω-3 PUFAs) and are synthesized during the initial phases of acute inflammatory responses to promote the
resolution of inflammation. Resolvins are produced for termination of neutrophil infiltration, stimulation of the clearance of
apoptotic cells by macrophages, and promotion of tissue remodeling and homeostasis. Metabolic dysregulation due to either
uncontrolled activity of pro-inflammatory responses or to inefficient resolution of inflammation results in chronic inflammation
and may also lead to atherosclerosis or other chronic autoimmune diseases such as rheumatoid arthritis, psoriasis, systemic lupus
erythematosus, vasculitis, inflammatory bowel diseases, and type 1 diabetes mellitus. The pathogenesis of such diseases involves
a complex interplay between the immune system and, environmental factors (non-infectious or infectious), and critically depends
on individual susceptibility to such factors. In the present review, resolvins and their roles in the resolution of inflammation, as
well as the role of these mediators as potential therapeutic agents to counteract specific chronic autoimmune and inflammatory
diseases are discussed.
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Introduction

Acute inflammation is a normal protective response when host
cells are affected by injury or microbial pathogen invasion [1].

In this regard, uncontrolled inflammatory responses may lead
to systemic and chronic inflammatory disorders including
neurological disorders, cardiovascular diseases, periodontal
diseases, asthma, rheumatoid arthritis, diabetes mellitus, as
well as the inflammatory bowel disease (IBD) [1–3]. Recent
studies have identified the resolution of inflammation as an
active process, which is regulated by biochemical mediators
and specialized pro-resolving mediators (SPMs), which pro-
vides a useful novel basis for our understanding of the princi-
ples of recognition and treatment of these inflammatory dis-
orders [4].

On the whole, acute inflammatory responses appear with
various signs of inflammation such as pain, swelling, redness,
heat, and loss of function [5], which are then followed by the
release of chemical messengers (cytokines and chemokines)
and pro-inflammatory lipid mediators such as prostaglandins
(PGs) and leukotrienes (LTs). The release of these molecules
leads to an attack against the triggering agents and to initiation
of repair of the injured tissues [6, 7]. This is accompanied by
chemotaxis and recruitment of polymorphonuclear neutro-
phils (PMNs) and by accumulation of monocyte-derived mac-
rophages which trigger and sustain the local or systemic in-
flammatory tissue reaction [1]. The initial pro-inflammatory
cellular reactions also stimulate the biosynthesis of specific
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omega-3 polyunsaturated fatty acid-derived SPMs, which pro-
mote the resolution of inflammation [8]. In spite of the essen-
tially protective function of acute inflammation, defective ter-
mination or prolonged acute inflammation results in chronic
inflammation that can be the root cause of many disorders due
to the failure of inflammation resolution [6].

The resolution of an acute inflammatory reaction is charac-
terized by termination of PMN penetration into the infected or
injured tissue and by proper apoptosis of the already infiltrated
PMNs along with effective efferocytic clearance by macro-
phages of the apoptotic PMN, of other apoptotic cells, and
of any cellular debris [7, 8]. The inflammatory process in-
volves many mediators, of which some have pro-
inflammatory (prostaglandins and leukotrienes) and others
both anti-inflammatory and pro-resolving functions
(resolvins, lipoxins, protectins, etc.) [4, 9]. All of these medi-
ators could serve as potential targets for therapeutic actions.
Along with lipoxins, the resolvins (resolution phase interac-
tion products), a new family of lipid mediators, have a variety
of functions including anti-inflammatory, proresolving, and
neuroprotective effects against various disorders [9].

Role of Lipid Mediators in Inflammatory
Responses

The inflammatory response to injured tissues involves the
liberation of chemical signals in the form of chemokines, cy-
tokines, and lipid-derived mediators by the cells of the innate
immune system, initially the PMNs, and then macrophages,
mast cells, and endothelial cells, ultimately resulting in an
inflammatory defence to protect the affected cells [10].
Modulation of the initiation phase of acute inflammation is
controlled by a category of lipid mediators such as PGs, LTs,
and eicosanoids that are constituted from arachidonic acid
(AA, omega-6) and have the efficiency to regulate endothelial
permeability and PMN infiltration [11]. The initial mediators,
like leukotriene B4 (LTB4) and PGs, have key roles to lead the
pro-inflammatory phases with a maximum number of PMNs
within seconds and minutes after the injury [10] (Fig. 1(a, b)).

In the early phase of infectious inflammation, activated
neutrophils kill bacteria extracellularly by either generating
neutrophil extracellular traps (NETs) or phagocytosing them.
The selection of neutrophils to produce NETs, instead of turn-
ing on their phagocytotic machinery, seems to depend on the
combination of various signals involved in the metabolic, ad-
hesive, and activating conditions of the neutrophils involved,
on the impetus from the extracellular micro-environment and,
more vitally, on the signals derived from the stimulating par-
ticles themselves [12]. Also, the size of the stimulating parti-
cles contributes to the choice of the neutrophil whether to form
NETs (induced primarily by large particles like parasites) or
eliminate the microbe by phagocytosis (induced primarily by

small particles such as bacteria and viruses) [12–14]. Under
certain circumstances, also bacteria and viruses stimulate the
formation of NETs [15, 16].

It is well established that an association exists between the
availability of the two neutrophil key enzymes, the neutrophil
elastase (NE) and myeloperoxidase (MPO), when they func-
tion in the cytosol, in the nucleus, and in phagolysosomes
during phagocytosis and NETosis. In phagocytosis, both en-
zymes are recruited to the phagolysosomes, so keeping them
away from the nucleus. In contrast, during NETosis, the re-
lease of these enzymes into the cytosol leads to the degrada-
tion of actin cytoskeleton, which is required to allow their
translocation to the nucleus with ensuing chromatin
decondensation, which, again, is required for the phagocyte
to generate NETs. Finally, the sequestration of NE and MPO
into the nucleus and the cytoskeletal degradation obstructs the
phagocytotic function of the activated neutrophil [12]. Thus,
the dichotomous choice of neutrophils, i.e., to phagocytose or
make NETs, has potential consequences for the development
of autoimmune and inflammatory diseases, such as systemic
lupus erythematosus (SLE), characterized by defective phago-
cytic clearance, or lupus nephritis and systemic sclerosis, in
which pathogenesis that is the microparticle-triggered NET
generation has been considered to play a role [12].

The resolution of inflammation is a secondary defence
mechanism that can be controlled by the initial pro-
inflammatory agents at the onset of the inflammation phase.
The resolution step is controlled by the local release of differ-
ent SPMs such as lipoxins, resolvins, protectins, and maresins
[15, 16]. Thus, the biosynthesis of these mediators depends on
the initial pro-inflammatory stimuli that trigger compensatory
mechanisms for the resolution of inflammation [10].

Resolvins and protectins can be generated along different
pathways by various immune cells, such as macrophages and
PMNs, from the following polyunsaturated fatty acids
(PUFAs): eicosapentaenoic (EPA) and docosahexaenoic
(DHA) acids [10, 17]. Changing the phase to resolution of
inflammation, some eicosanoids such as PGE2 and PGD2,
provokes the biosynthesis of pro-resolving lipid mediators
such as lipoxin A4 (LXA4), deriving from arachidonic acid,
that acts as an endogenous “stop” signal to control the resolu-
tion phase within hours up to days [18, 19]. At this stage, the
produced SPMs can halt PMN infiltration, reduce the genera-
tion of pro-inflammatory mediators, enhance phagocytosis of
apoptotic PMNs (“efferocytosis”) by macrophages, and pro-
mote bacterial clearance [19, 20]. Actually, phagocytosis of
dead cells by macrophages results in the biosynthesis of
SPMs, which are involved in the processing of apoptotic cell
clearance, similar to “find me” and “eat me” signals including
ATP, adenosine, and CX3CL during apoptotic cell engulfment
[21, 22].

SPMs, by binding to G protein-coupled receptors
(GPCRs), induce specialized biological actions (Fig. 2). It
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has been clarified that GPCRs, such as chemR23/ERV, are
activated by RVE1 and RVE2, while ALX/FPR2 and
GPR32/DRV are stimulated by LXA4 and RVD1 [23].
Furthermore, GPR32 is activated by RVD5 and RVD3 [24].
On the other hand, RVE1 and RVE2 are considered as kinds of
endogenous receptor antagonists for the LTB4 receptor BLT1,
which has the capacity to organize PMN trafficking and
NF-κB activation at the site of inflammation. RVE1 is consid-
ered as an agonist of chemR23 on monocytes and dendritic
cells and thereby stereo-selectively transduces signals to these
cells [23], along with the capability to reduce the expression of
IL-6 and IFN-γ and to inhibit the migration of dendritic cells
and cytokine secretion [19]. Besides the capacity to inhibit
PMN recruitment and promotion of macrophage phagocyto-
sis, SPMs are also able to enhance the host defence through
the efflux of phagocytes from inflamed tissues to the

lymphatics [25]. Either a hyperactive pro-inflammatory re-
sponses or an inefficiency to stimulate resolution, which re-
sults from the disordered function of mediators, are prototyp-
ical of chronic inflammatory disorders such as atherosclerosis,
diabetes, and arthritis [26–28].

Resolvins and Their Targets

Serhan and his co-workers pioneered the concept that the local
response to acute inflammation activates specific biochemical
and cellular programs of resolution [7, 29–31]. These media-
tors include the D-series resolvins (RVD1, RVD2, RVD3,
RVD4, and RVD5) derived from DHA [32, 33] and the E-
series resolvins (RVE1, RVE2, and RVE3) that are derived
from EPA [34, 35] (Fig. 3). The detection of resolvins along

Fig. 1 Pro-resolving mediators in inflammatory responses. Tissue injury
and trauma trigger an acute inflammatory cascade as a host defensive
mechanism. PMN infiltration is an early step that provokes monocytes
and macrophages to remove apoptotic PMNs. At the stage of resolution
phase, adaptive immune responses (T and B cells) are initiated
simultaneously with tissue regeneration (a). Trauma, tissue injury, and
infections initiate the inflammatory process, which comprises of cells
like neutrophils and the release of many mediators, such as PGE2,
PGI2, and LTB4 along with many cytokines and chemokines. The
release of PGs leads to the migration of neutrophils from capillary
venules. Concurrent with the accumulation of neutrophils, switching of

the lipid mediator class takes place, so that the appearance of lipoxin
results in the recruitment of monocytes. Other SPMs, like resolvins and
protectins, limit PMN tissue infiltration and stimulate macrophage
phagocytosis and efferocytosis of cellular debris. SPMs and resolvins
promote the resolution of inflammation and resolve exudates. Also,
SPMs and resolvins suppress chronic inflammation and improve tissue
regeneration and wound healing. Dysregulation of any of these
mechanisms may cause chronic inflammatory diseases, such as
diabetes, atherosclerosis, and rheumatoid arthritis (b). Prostaglandin
(PG), leukotriene (LT), specialized pro-resolving mediator (SPM), poly-
morphonuclear neutrophil (PMN)
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with other lipid mediators such as maresins and protectins has
been particularly important since these lipid mediators have
been demonstrated to support human health [36] bymitigating
inflammation [37] in various pathological conditions, notably
in diseases with predominantly autoimmune etiopathogenesis
[13, 36, 38] and in cardiovascular diseases [38], type 2 diabe-
tes mellitus [39], and cancer [40].

Two receptors from the G protein family (chemR23 and
BLT1) are capable of binding to RVE1. The chemR23, which
has a high binding affinity for RVE1, is expressed on the
surface of macrophages and dendritic cells and is able to stim-
ulate phagocytosis of apoptotic PMNs by macrophages.
Herrera et al. found that RVE1 could reduce the penetration
and migration of PMNs and inhibit their rolling [39].
Furthermore, RVE1 is able to increase the CCR5 expression
and reduce the NF-κB signalling [39]. Herova et al. indicated
that the expression of chemR23 is limited to the surface of
naïve macrophages and classical M1 macrophages, while
these receptors are not expressed on the surface of M2 mac-
rophages [40]. In addition to that, expression of chemR23 on
the surface of macrophages increases their ability to phagocy-
tose as well as to secrete the anti-inflammatory cytokine IL-

10, thereby boosting their capacity to resolve inflammation
[40]. In a study on a mouse model of pneumonia, the usage
of RVE1 reduced pulmonary PMN accumulation, lessened
secretion of inflammatory cytokines, improved the clearance
of bacterial cells, and enhanced the survival of mice [41].
Elkebir et al. (2012) argued that infection was eliminated by
RVE1 in mice with acute lung inflammation [42]. Via the
LTB4 receptor, BLT1, RVE1 not only is able to produce
NADPH oxidases and reactive oxygen species but it also in-
creases neutrophil apoptosis leading to their efferocytosis by
the macrophages, resulting in the production of phagocytosis-
derived metabolic products, such as 19-hydroxy-RVE1, 20-
hydroxy-RVE1, and 20-carboxy-RVE with pro-resolution
properties in vivo [43]. The ability of RVE2s to control
PMN penetration and their anti-inflammatory properties was
first discovered by Oh et al. in zymosan-induced rat model of
peritonitis, in which they reported that RVE2 was able to
inhibit PMN chemotaxis, increase phagocytosis, and produce
Il-10 [44].

The D-series of resolvin family (the RvDs) is another group
of lipid-proresolving molecules with the ability to inhibit
PMN penetration and to regulate their activities to enhance

Fig. 2 Proresolving receptors and
biological functions of SPMs.
LXA4 and RVD1 are agonists for
ALX/FPR2. Lipoxin A4, as well
as the D-series resolvins, RVD1,
RVD3, and RVD5 are agonists for
DRV/GPR32. The E-series
resolvins, RVE1 and RVE2, are
agonists for ERV/chemR23 and
antagonists for the leukotriene B4
receptor, BLT1. ALX/FPR2:
LXA4 receptor, DRV/GPR32:
RVD1 receptor, ERV/ChemR23:
chemerin/RVE1 receptor, BLT1:
LTB4 receptor 1. ALX A lipoxin,
FPR2 formyl peptide receptor 2,
GPR32 G protein-coupled recep-
tor 32, ChemR23 Chemerin
Receptor 23, RVD resolvin D,
RVE resolvin E
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phagocytosis by macrophages and to remove and clear apo-
ptotic cells and bacteria in both in vivo and in vitro environ-
ments [45–47]. A study on the murine model of arterial neo-
intima formation (carotid ligation) showed that the use of
RVD2 in these mice recruited macrophages and regulated
PMNs. In vitro studies have confirmed a direct impact of
SPMs on vascular smoothmuscle cells (VSMCs) that includes
lower migration in response to platelet-derived growth factor
(PDGF) and altered reaction to inflammatory stimuli (e.g.
TNF-α) [48]. According to these results, changes in the inter-
actions between circulating leukocytes and the vessel wall and
direct effects on the phenotype of VSMCs are the probable
mechanisms through which SPMs affect the development of
neointima in this murine model [48]. The treatment by RVD2
and MaR1 on the reduction of infiltrating monocytes/

macrophages and PMNs, as well as changes in the macro-
phage phenotype towards M2, leads to the resolution of in-
flammation and to the reduction of neointima after vascular
injury [44, 48].

RVDs can also affect target cells through binding to
expressed receptors (GPR32-G protein in coupled receptor,
ALX/FPR2) on the surface of immune cells [49, 50]. The
overexpress ion of both receptors improves the
RVD1macrophage phagocytosis of PMNs, and conversely,
the inactivity of these two receptors weakens this action
[49]. Park et al. approved the inhibitory impact of RVD2 for
transient receptor potential (TRP) subtype ankyrin 1 (TRPA1)
and vanilloid 1 (TRPV1) that play significant roles in the
inflammatory pain responses [51]. Another benefit of using
RVD1 has been observed in acute lung injury, in which the

Fig. 3 Biosynthetic pathways of resolvin generation. Different kinds of
resolvins are derived from n-3 PUFA as EPA and DHA. The biosynthesis
of E-series resolvins from EPA is initiated by insertion of molecular
oxygen at the 18th carbon site, converting it to bioactive E-series mem-
bers resolvinE1, resolvinE2, and resolvinE3. D-series resolvin biosynthe-
sis is along with the insertion of molecular oxygen at the 17th carbon site

of DHA. The 17-sHPDHAprecursor is changed to different intermediates
of D-series resolvins including resolvinD1, resolvinD2, resolvinD3, and
resolvinD4, each one of which has a specific function. See [4]. PUFA
polyunsaturated fatty acid, DHA docosahexaenoic acid, EPA
eicosapentaenoic acid
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lesions are caused by LPS [52, 53]. In this model, RVD1
inhibits the activity of the inflammatory factor NF-κB and
thereby inhibits its effect on peroxisome proliferator-
activated receptor (PPAR) γ and the ensuing inflammatory
downstream signalling pathway.

Resolvins and Autoimmune Diseases

Autoimmune diseases are the conditions arising from an ab-
normal immune response against healthy cells, tissues, and
organs. Complex mechanisms, involving T cells, the thymus,
the bonemarrow, lead to the breaking of the immune tolerance
[54]. In the presence of genetic predisposition and/or environ-
mental triggers, autoreactive B and T cells and autoantibodies
could become involved in a pathological inflammatory re-
sponse, leading to tissue damage [54]. Activation of inflam-
matory mediators contributes to the development of autoim-
mune diseases such as SLE, rheumatoid arthritis, autoimmune
hepatitis, and type 1 diabetes mellitus [55]. Through the stim-
ulation of a number of signalling pathways, resolvins might
favourably impact this process. Resolvins could also inhibit
leukocyte recruitment to inflammation site by stimulating
non-inflammatory monocyte recruitment and by activating
macrophages to increase the efferocytic capacity towards ap-
optotic neutrophils [56]. Inhibition of leukocyte recruitment
leads to resolution of inflammation, repair and regeneration of
damaged tissue, and pain relief [57].

Defects in the resolution of inflammation and inflammato-
ry signals increase the risk of autoimmune diseases [58]. The
onset of the inflammation process causes the production of
some pro-inflammatory cytokines such as interleukin-1 (IL-
1β), IL-6, tumour necrosis factor-α (TNF-α), interferons
(IFNs), macrophage migration inhibitory factor (MIF), and
high mobility group B1 (HMGB1) protein, which predomi-
nate the production of anti-inflammatory cytokines such as IL-
10, IL-4, and TGF-β [59, 60]. Indeed, an imbalance between
pro- and anti-inflammatory cytokines results in tissue damage
and inflammatory disorders, and the inability of the immune
system to resolve the inflammation results in the continuation
of inflammatory processes in autoimmune diseases such as
SLE [61, 62]. In these diseases, the process of repairing dam-
aged tissues is delayed even after taking anti-inflammatory
drugs and immunosuppressive agents. Therefore, the use of
resolution-inducing agents such as PUFAs and the metabolites
derived from them, such as resolvins, lipoxins, and protectins,
has the potential to restore the normal physiological function
of damaged tissues and organs [62].

Macrophages and monocytes have GPCRs on their sur-
faces; the subtypes P2ry2, P2ry6, and Edg5 have a particularly
important role in the regulation of inflammation and cell-
mediated immunity [63]. Many studies on PUFAs and the
derived-metabolites, including resolvins and lipoxins, indicate

that these lipid mediators act as agonists of G protein that
plays an important role in the inflammation, leukocyte recruit-
ment, lipid synthesis, and glucose homeostasis [57]. It can be
thus concluded that PUFAs and derivatives thereof, such as
the anti-inflammatory and cytoprotective resolvins, lipoxins,
and protectins, are capable of inhibiting the pro-inflammatory
MIF, IL-2, IL-6, TNF-a, and HMGB1, thus inhibiting inflam-
mation in autoimmune diseases such as rheumatoid arthritis
and SLE [62].

Furthermore, since leukotriene B4 (LTB4) is involved in
the pathogenesis of inflammatory bowel disease, lipid media-
tors such as resolvins could be hypothesized as a potential
treatment since studies on rats with colitis have shown that
RVE1 increases their survival, sustains body weight, and re-
duces the severity of histological lesions [34]. Studies also
indicated that resolvins reduced both the expression of pro-
inflammatory genes such as those coding for IL-12, TNF-α,
NF-κB, and decreased inducible NO synthesis in models of
inflammatory bowel disease [64].

In addition, many studies indicated roles for dendritic cells
in the pathogenesis of inflammatory bowel disease because
these cells could lead the orientation of T cells towards the
inflammation during maturation and increase the inflamma-
tion and resistance of Tcells through the production of inflam-
matory cytokines such as IL-12, IL-23, and TNF-α [65, 66].
Interestingly, it has been found that lipid mediators, such as
the resolvins and lipoxins, could play roles in the function of
dendritic cells, especially through different receptors, and pre-
vent their orientation towards inflammation. For instance,
EPA-derived RVE1 induced the expression of its specific re-
ceptor chemR23 on the surface of dendritic cells and inhibited
the secretion of IL-12, thereby impeding inflammation [19].

The secretion of pro-inflammatory molecules, such as IL-
1beta and LTB4, is a leading contributor to inflammation and
autoimmune diseases such as rheumatoid arthritis and psoria-
sis [67, 68]. Trials indicate that the nutritional use of DHA and
EPA, abundantly found in fish oil, can reduce the secretion of
inflammatory mediators and thus might be useful for treating
inflammatory and autoimmune diseases [37, 69]. Very recent
human data support this notion, as high doses of EPA signif-
icantly reduced major cardiovascular events in patients at high
cardiovascular risk [70].

Human a c u t e i n f l amma t o r y d emy e l i n a t i n g
polyradiculoneuropathy (AIDP) disease, the major reason of
acute autoimmune neuromuscular paralysis, is provoked by
autoimmune invasion to the peripheral nervous system [71,
72]. The experimental autoimmune neuritis (EAN), an animal
model of AIDP, has been applied to determine the therapeutic
and functional principles of AIDP [71, 72]. This disease oc-
curs due to the impaired phagocytosis of apoptotic T cells.
Normally, the apoptosis of autoreactive T cells is a process
leading to the end of inflammatory responses in EAN and is
necessary following the clearance of apoptotic cells by
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macrophages to prevent the accumulation of damaged cells
and the spread of infection and inflammation (secondary ne-
crosis) [73]. In addition, the clearance of apoptotic cells
caused by active macrophages leads to a change in the anti-
inflammatory phenotype inducing Th cells towards the Treg
phenotype due to the production of anti-inflammatory cyto-
kines [74–76]. Studies have indicated that Treg cells and anti-
inflammatory macrophages play important roles in the resolu-
tion of inflammation. Therefore, there is a need to find ways to
enhance the phagocytosis of apoptotic cells in the inflamed
tissue to resolve the neural inflammation in AIDP [77, 78].

Through the presence of two receptors, the ALX/FPR2 and
GPR32, on the surface of neutrophils and macrophages,
RVD1 is able to regulate the migration of neutrophils, increase
phagocytosis of apoptotic Tcells bymacrophages (in anALX/
FPR2-dependent manner), and thus reduce the accumulation
of apoptotic T cells [32]. Thus, suchRVD1-induced changes
increase the expression of TGF-β via anti-inflammatory phe-
notype of macrophages, reduce the pro-inflammatory factors
such as TNF-α, and enhance the number of Treg cells, conse-
quently leading to the resolution of inflammation in autoim-
mune diseases such as the EAN and AIDP [32, 79].

Concluding Remarks

The activation of inflammation by a dysregulated immune
system is a central mechanism in the development of autoim-
mune diseases. In the absence of an efficient inhibition of
inflammation, the adaptive immune system of the host elicits
a strong proinflammatory response. Therefore, inflammation
should be controlled at its early stages. Such an early control
can prevent the occurrence of chronic inflammation, can lead
to repair and regeneration of the damaged tissue parts, and
might thereby delay or counteract the clinical onset of auto-
immune diseases. Indeed, as an inherent component of inflam-
mation, the proinflammatory processes are counteracted by
resolution-promoting lipid mediators, such as the resolvins
derived from PUFAs. These agents can prevent the spread of
inflammation and its chronicity in various ways, notably by
acting on different receptors expressed on the surface of mac-
rophages, PMNs, and dendritic cells.

The cannabinoid receptor type 2 (CB2) are class A serpen-
tine receptors that couple primarily to Gi/o proteins to adjust an
array of signalling pathways [80]. CB2 receptors, which are
expressed on fibroblasts, endothelial cells, muscle cells, and
activated immune cells [81], have been the subject of signifi-
cant attention owing to their immunomodulatory effects
which have potential utility in the treatment of different pa-
thologies [82]. Lenabasum (a composition of ajulemic acid;
formerly called Anabasum) is a synthetic, orally active
cannabinoid-derived small molecular weight drug that acts
primarily as an agonist of the CB2 receptor [83]. In

experimental studies, lenabasum has been shown to stimulate
the production of SPMs, leading to bacterial clearance and
resolution of inflammation without immunosuppression
[84–86]. Animal studies have shown that lenabasum has ben-
eficial effects on lung and skin inflammation, as well as on
fibrosis in systemic sclerosis [87, 88], inflammation in cystic
fibrosis, and joint inflammation in rheumatoid arthritis [85].

The therapeutic use of the PUFA-derived lipid mediators
during the inflammation process to resolve inflammation and
prevent the development of chronic inflammation could be a
useful therapeutic option. On the other hand, since incomplete
efferocytosis is one cause of several abnormalities including
autoimmune diseases [89–92], by facilitating efferocytosis
and activating macrophage cells to efficiently clear of apopto-
tic cells and cell debris, the lipid mediators can prevent the
progression of inflammation and subsequent inflammatory
diseases, in particular autoimmune diseases [89].

The connection between lipid mediators and the clearance
of leukocytes via apoptosis has been detected by identifying
that the release of lysophosphatidylcholine from apoptotic
cells could specifically assemble phagocytes to the resolution
site [93]. The presence of RVE1 receptors on dendritic cells
and neutrophils, as well as the essential role of these cells in
inflammatory responses, could support the link between the
biosynthesis of lipid mediators and their engagement in cellu-
lar trafficking and regulation of inflammatory disorders such
as inflammatory bowel disease [19, 34].

Owing to their ability to stereoselectively regulate and
reduce inflammation, the SPMs and their intricate and
highly specific molecular pathways are attracting an
ever-increasing attention among many researchers. The
PUFA-derived lipid mediators as pro-resolving agents
are effective and sustained factors that stimulate leukocyte
recruitment, PMN apoptosis at the damaged site, and
clearance of damaged tissue parts during the inflamma-
tion. Therefore, these agents are excellent candidates for
the treatment of diseases associated with the defective
inflammation resolution and also for the facilitation of
recovery from primary and secondary infections.

Taken together, the SPMs play an important role in the
prevention of chronic inflammation, which is the root cause
of various chronic diseases. Therefore, an accurate under-
standing of the molecular mechanisms by which these pro-
resolving compounds may prevent or even cure such patho-
logical conditions, should help designing novel strategies to
prevent and treat inflammatory and autoimmune diseases
without compromising the ability of the host cells to be in
charge of the natural host defence.
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